Purpose Lactic acid bacteria (LAB) are traditionally employed in the food industry. LAB strains from goat milk may also present probiotic potential, and it is fundamental to study the safety and functionality aspects which are desirable for their use in food. The objective of this study was to verify the probiotic potential of lactic bacteria isolated from goat milk. Methods The presence of safety-related virulence factors (hemolytic activity, gelatinase production, coagulase, and sensitivity to antibiotics) as well as functionality (exopolysaccharide (EPS) production, proteolytic activity, autoaggregation, gas production, survival in the gastrointestinal tract, and antimicrobial activity against bacteria that impair oral health) were determined. Result The selected LAB strains are safe against the evaluated parameters and have characteristics of possible probiotic candidates. Especially L. plantarum (DF60Mi) and Lactococcus lactis (DF04Mi) have potential to be added to foods because they have better resistance to simulated gastrointestinal conditions. In addition, they are isolated with already proven antimicrobial activity against Listeria monocytogenes, an important food-borne pathogen. DF60Mi was able to produce EPS (exopolysaccharides). LS2 and DF4Mi strains, both Lactococcus lactis subsp. lactis, demonstrated antimicrobial activity against S. mutans ATCC 25175, a recurrent microorganism in oral pathologies, mainly caries. Conclusion This study provides subsidies for future exploration of the potentialities of these LAB strains for both the development of new functional foods and for application in oral health.
Introduction
Safety aspects of microorganisms, even belonging to a group of bacteria that is generally recognized as safe (GRAS) (Joint FAO/WHO 2002) such as lactic acid bacteria (LAB), involve determining its potential for virulence. Among virulence determinants associated with pathogenicity, resistance to antibiotics and the production of extracellular proteins such as hemolysin and gelatinase, as well as surface proteins and aggregation substances may be highlighted (Yogurtcu and Tuncer 2013; Padmavathi et al. 2018) .
Probiotics are "living microorganisms that, when given in adequate amounts, confer a health benefit to the host" (Hill et al. 2014) , as well as immunomodulatory effects (Khan 2014; Saadat et al. 2019) , which have resulted in considerable interest from health-related industries. Several criteria are used to consider new LAB strains as potentially probiotic, including their tolerance to acid and bile conditions (Vijaya et al. 2015) . In addition, probiotic LAB may be capable of producing exopolysaccharides (EPS) and, in this sense, EPS contributes to the formation of bacterial cell aggregates and in the recognition and adhesion to the surface, facilitating colonization of beneficial LAB in several ecosystems (Schiavao-Souza et al. 2007; Saadat et al. 2019) . Another aspect to consider is related to the function of these EPS producers LAB on oral health for the prevention of dental caries and/or other diseases of the oral cavity (Bastos et al. 2013 ). In addition, the oral cavity has a large amount of bacteria, which when unbalanced cause oral diseases. Probiotics have already been introduced for the prevention and treatment of these diseases, as they have the ability to modulate the growth of oral bacteria and decrease the salivary levels of cariogenic bacteria, thereby also decreasing the cariogenic potential of dental biofilm (Magno et al. 2019; Bosch et al. 2012; De Souza et al. 2011) . Thus, the objective of this study was to investigate the probiotic potentiality of LAB isolated from goat milk regarding its safety and functionality aspects. In this sense, the study found a strain capable to resist to GIT-simulated conditions associated to EPS production which has potential application to functional foods development.
Materials and methods

Microorganisms
The microorganisms used are lactic acid bacteria (LAB) isolated from goat milk and presented antimicrobial activity against L. monocytogenes. They were identified as Weissella cibaria (LS1), Lactococcus lactis subsp. lactis (LS2, LS3, and DF04Mi), and Lactobacillus plantarum (DF60Mi). The first three were isolated by our research group (De Lima et al. 2017) in the Northeast region of Brazil, and the sequences were assigned as GenBank accession numbers: LS1 (BankIt1779156 KP213176), LS2 (BankIt1779156 KP213177), and LS3 (BankIt1779156 KP213178. The last two were isolated by Furtado et al. (2014) and were given in collaboration by University of São Paulo, and the sequences were assigned DF60Mi (SUB6418339 SeqIDDFMi60F MN560058) and DF04Mi (SUB6418339 SeqIDDFMi60R MN560059). All isolates were activated at 30°C in 5 mL of de Man, Rogosa, and Sharpe (MRS) broth (Himedia, India) for 24 h to be used in the other analyses.
All analyses of this study were performed in triplicate.
LAB safety analyses
Hemolytic activity
Evaluation of hemolytic activity was performed in Brain Heart Infusion (BHI) agar (Himedia, Mumbai, India) supplemented with 5% (m v −1 ) defibrinated sheep blood. The reactivated LABs were scored on plates containing the medium and incubated at 30°C. After 48 to 72 h, the hemolytic reaction was evaluated by observing both the partial hydrolysis of the red blood cells and the production of a green zone (α-hemolysis), as well as the total hydrolysis of red blood cells producing a clear zone around the bacterial colonies (β-hemolysis) or no reaction (γ-hemolysis). Β-hemolytic activity was confirmed using Staphylococcus aureus strain ATCC 23235 as a positive control (Eaton and Gasson 2001) .
Production of gelatinase
The isolates were streaked with a loop in tubes with nutrient gelatin (peptone 5 g L −1 , meat extract 3 g L −1 , and gelatin 120 g L −1 ) (Himedia, Mumbai, India) after reactivation and incubated at 30°C for 7-14 days, with the occurrence of liquefaction verified daily, being refrigerated at 4°C for 1 h. The production of gelatinase by the isolates is indicated by the liquefaction of the medium and its persistence after refrigeration (hydrolysis of gelatin) (Dela Cruz and Torres 2012) .
Coagulase test
The coagulase assay was performed in 0.3 mL of the strains incubated aerobically in MRS culture medium (Himedia, Mumbai, India) for 18 to 24 h at 30°C, which were transferred to sterile tubes containing 0.3 mL reconstituted rabbit plasma (Newprov, Pinhais, Paraná, Brazil) and incubated at 30°C for 6 h (De Almeida Júnior et al. 2015) .
Sensitivity to antibiotics
The sensitivity of the strains to antibiotics was determined by disc diffusion according to a protocol adapted from García-Hernández et al. (2016) . The following antibiotics were tested: ampicillin (10 μg), chloramphenicol (30 μg), clindamycin (2 μg), gentamicin (10 μg), and tetracycline (30 μg), chosen according to the recommendations proposed by the European Safety Authority of Food (EFSA 2012). Cultures were incubated in MRS agar at 37°C for 18 to 24 h. Presence or absence of zones of inhibition was defined as sensitivity or resistance, respectively. LAB with zone of inhibition ≥ 15 mm for gentamicin, ≥ 18 mm for chloramphenicol, ≥ 19 mm for tetracycline and ≥ 14 mm for clindamycin, and ampicillin were considered sensitive, and considered very sensitive with zone of inhibition ≥ 22 mm. The inhibition zone diameters were interpreted according to EUCAST gu id elin es (Eu ropean Committee on Antimicrobial Susceptibility Testing 2014).
Functional LAB analysis
Determination of exopolysaccharide production (EPS)
The production of exopolysaccharides by LAB strains was performed according to the method of Angmo et al. (2016) , with adaptations as follows: 1% (v v −1 ) of the culture previously incubated in MRS (Kasvi, São José dos Pinhais, Paraná, Brazil) was prepared for 24 h at 30°C and added into 50 mL of the reconstituted medium (5 g skimmed milk powder-Nestlé, São Paulo, Brazil-with 1 g glucose [LRG] 
Determination of proteolytic activity
The LAB isolates were plated on milk agar to evaluate their proteolytic activity. The medium was prepared by adding 1% skimmed milk powder to the Plate Count Agar medium (Himedia, India) (Beerens et al. 1990 ). Plates were incubated at 7°C for 10 days and 37°C for 48 h. The halo-forming transparent colonies were considered positive for proteolytic activity.
Determination of self-aggregation capacity
The determination of self-aggregation capacity was performed according to the method described by Xu et al. (2009) with modifications. Freshly cultured bacterial cells (20 mL) were centrifuged at 6000×g for 10 min at room temperature at 25°C (Model: 5430R, Eppendorf, Germany). The cell pellet was washed twice with phosphate buffer (PBS) (82.0 g NaCl (Vetec, Brazil), 10.5 g Na 2 HPO 4 (Vetec, Brazil), and 3.55 g NaH 2 PO 4 + H 2 O (Vetec, Brazil) and completed with 1 L of distilled water] at pH 7.4, resuspended again in PBS until the absorbance reached 0.5 ± 0.02 at 600 nm (0 h). Then, each bacterial suspension (2 mL) was shaken on a vortex type stirrer (Model: EEQ 9033, Edutec, Brazil) for 10 s and incubated at 37°C for 2 h. After incubation, the bacterial suspension was centrifuged under the same initial conditions, and 1 mL of the supernatant was removed to measure the absorbance at 600 nm (A 2 h). The percentage of selfaggregation was expressed as:
Determination of gas production Gas production from glucose was evaluated using MRS broth added 3% glucose in test tubes containing inverted Durham tubes according to the method of Cai et al. (1999) .
Determination of the antimicrobial activity of LAB isolates against microorganisms of interest in oral cavity
Probiotics have shown potential to modulate the growth of oral bacteria responsible for biofilm formation and caries production (Schwendicke et al. 2017 Reenen (1998) . The isolates of Weissella cibaria and Lactococcus lactis subsp. lactis were activated in MRS broth incubated for 18 to 24 h at 37°C. In parallel, the cariogenic strains were reactivated in BHI broth for 18 to 24 h at 37°C and later standardized with optical density of 0.9. BHI agar plates containing each of the standardized cariogenic bacteria were prepared in order to achieve viability of 8 Log CFU mL −1 , which received an 8 mL overlay of MRS after solidification and then a drop of 20 μL of each LAB, and were incubated at 37°C for 24 h in aerobiosis, except those containing S. mutans which were incubated in anaerobiosis. Inhibition of cariogenic bacteria multiplication was observed through the forming of inhibition zones (halos) around the droplet; their diameters were measured with a caliper and considered as having antimicrobial activity according to Jacobsen et al. (1999) .
Viability determination of LAB isolates under simulated gastrointestinal conditions
The viability determination of the LAB isolates under simulated gastrointestinal conditions followed the methodologies adopted by Vinderola et al. (2008) and Buriti et al. (2010) , with modifications. LAB isolates were activated and recultured for two consecutive days. The last peal was performed in a falcon-type centrifuge tube with 20 mL of the same medium. After the incubation period, the cultures were centrifuged at 2750×g for 15 min at 4°C and the supernatant was discarded. The pellet was resuspended in 2 mL of 0.1% (m v −1 ) peptone water (Himedia, India) standardized at 0.9 density at 625 nm absorbance, and cell viability was assessed using serial decimal dilution and plating at surface in MRS agar medium (Himedia, India). Next, 5% (v v −1 ) of each culture was inoculated into 10 mL of the gastric juice (acid solution pH 3.35-adjusted with sterile 1 M HCl-plus 3 g L −1 pepsin) and vials containing this initial solution were incubated at 37°C for 2 h with shaking at 150 rpm (gastric phase) (incubator shaker model Luca 223, Lucadema/Brazil). After this period, a 1 mL aliquot was taken to assess cell viability and the pH of the solution was changed to 5.2 (solution containing 150 mL 1 M NaOH plus 14 g PO 4 H 2 Na.2H 2 O L −1 ). The bile (10 g L −1 ) and pancreatin (1 g L −1 ) salts were added and the solutions were incubated at 37°C for 2 h under stirring (enteric phase 1). After the incubation period, an aliquot of the solution was withdrawn again for evaluating cell viability as described above, and the pH was adjusted to the range of 6.7 to 7.1, while also adjusting the bile salts and pancreatin concentrations according to the new obtained volume. The solution was incubated again under the same initial conditions, totaling 6 h of incubation under agitation (enteric phase 2) and cell viability was evaluated again. All tests were performed in triplicate, and the results were analyzed by ANOVA and Tukey's test, using Sisvar: a Guide for its Bootstrap procedures in multiple comparisons 5.6 pt. software version 2014 (Lavras, Minas Gerais, Brazil).
Results and discussion
The strains of the same species studied showed different safety and probiotic potential. Some studies also report strains of the same species with different technological characteristics, such as Leuconostoc strains presenting probiotic potential (Jeronymo-Ceneviva et al. 2014), or bacteriocinogenic activity (Arakawa et al. 2016) , and also as an exopolysaccharide producing strain (Joshi and Koijam 2014) .
Determination of virulence factors
All evaluated LAB isolated strains presented no β-hemolytic activity, and this meets the safety requirements as previously reported by Angmo et al. (2016) . In addition, the isolated strains also did not produce the virulence-related enzymes gelatinase and coagulase. Lactobacillus spp., Lactococcus spp., and Weissella spp. were not previously reported as βhemolysis producers. Saelim et al. (2017) did not find any type of hemolytic activity (either alpha or beta) in L. plantarum S0/7, or in nine Weissella strains (Jeong and Lee 2015) , reinforcing its safety and potential application as probiotics in foods. The use of L. plantarum in products with probiotic claims is widely disseminated commercially. This is due to the fact that lack of hemolytic activity is considered a requirement for classifying bacteria as GRAS according to EFSA (European Food Safety Authority) (Lee et al. 2014) .
Evaluating the antibiotic susceptibility of LAB isolate candidates for probiotic use is essential, as they can be hosts of antibiotic resistance genes and allow their transfer to pathogenic bacteria (De Almeida Júnior et al. 2015) . All LAB isolates evaluated in this study were considered to be sensitive to the antibiotics ampicillin, gentamicin, chloramphenicol, tetracycline, and clindamycin (Table 1 ).
In fact, several studies have shown that LABs are often sensitive to several antibiotics (Angmo et al. 2016; García-Hernández et al. 2016 ). Ren et al. (2014) observed sensitivity of Lactobacillus spp. to tetracycline, clindamycin, streptomycin, ampicillin, gentamicin, chloramphenicol, erythromycin, and penicillin. Costa et al. (2013) found that Weissella paramesenteroides and four species of Lactobacillus (L. casei, L. rhamnosus, L. plantarum, and L. hilgardii) were sensitive against tetracycline. Weisella spp. strains were susceptible to ampicillin, chloramphenicol, erythromycin, and tetracycline (Jeong and Lee 2015) , although there are reports that Lactobacillus spp. strains may be commonly resistant to antibiotics such as chloramphenicol (Liu et al. 2009; Argyri et al. 2013 ). In addition, the resistance of the same genus isolates to gentamicin, tetracycline, and ampicillin (Argyri et al. 2013 ) was recorded.
Production of EPS and proteolytic activity
Regarding the EPS production, the DF60Mi strain was the only isolated strain capable of producing this secondary metabolite; however, none of the isolated strains presented proteolytic activity. Lactic bacteria are usually not proteolytic, but act as such when they have limited nutrient content or low amino acid synthesis power, requiring an extra supply (Tavares et al. 2009 ). Although these bacteria are not strongly proteolytic, proteolytic activity is essential to favor LAB multiplication in milk and allows the development of flavor in dairy products (De Almeida Júnior et al. 2015) . On the other hand, according to Oberg et al. (1991) , this activity can be undesirable for applying these microorganisms in some cheeses such as Mozzarella, because the cultures have different proteolytic activities, thus altering a final product characteristic, mainly in cheese protein network and melting capacity of the cheese.
Additionally, most of the knowledge acquired with Lactococcus lactis, considered as the LAB family model, groups Lactococcus, Lactobacillus, Leuconostoc, Pediococcus, and Streptococcus. What was identified in these species was the presence of proteolytic enzymes characterized by their role in nutrition and a significant number of putative proteolytic enzymes of unknown functions. Despite this fact, these LABs are not considered highly proteolytic compared to bacilli (Juillard et al. 2016) .
EPS production may present importance among probiotic microorganism candidates (Schiavao-Souza et al. 2007; Angmo et al. 2016; Abushelaibi et al. 2017) . Patel et al. (2014) reported 17 probiotic candidates as producers of EPS and endowed with antagonistic activity against Gram-positive microorganisms and Gram-negative pathogens, such as Lactobacillus plantarum 86 and Weissella cibaria 92, belonging to the same species as the tested DF60Mi and LS1 isolates, respectively, which also had previously identified anti-Listeria monocytogenes activity (results not shown).
The probiotic survival can be influenced by the EPS produced by lactic acid bacteria (LAB) during the gastrointestinal transit (Caggianiello et al. 2016 ). According to Ren et al. (2014) , L. plantarum (1557), isolated from vegetable, showed probiotic properties in addition to considerable production of EPS. The probiotic survival could depend on EPS produced by the probiotic strain and, therefore L. plantarum has this combined ability also associated to EPS production to be converted into probiotic and prebiotic ingredients (Silva et al. 2019 ).
Autoaggregation ability
Another important point is the autoaggregation of LAB. The autoaggregation of microorganisms is related to their adhesion capacity to the intestinal epithelium and is therefore an important requirement for them to be integrated into the intestinal microbiota and consequently to be able to protect the gastrointestinal tract of the host by competition with pathogens and immunomodulatory action. Therefore, the self-aggregation capacity can be used as one of the parameters to select a bacterium with probiotic potential (Xu et al. 2010 ).
The five isolates tested presented high percentage of autoaggregation, ranging from 84.24 ± 3.77 to 93.38 ± 0.06% (Table 1) . Similar results were observed for Lactobacillus spp. with beneficial properties and probiotic characteristics (Todorov et al. 2008; Todorov et al. 2011) . In contrast, Espeche et al. (2012) reported low percentages (0-14%) of autoaggregation in 43 LAB isolates of raw milk.
Autoaggregation values not necessarily mean an in vivo adhesion, because host factors are involved, such as defense mechanisms, resident microbiota, and peristaltic flow that can modify the bacterial adhesion (Caggia et al. 2015) .
Gas production
Gas production is evaluated as a functionality parameter, aiming to classify the isolates as homo or heterofermentative. This classification is desirable to make the future choice of the food matrix which may receive the potentially probiotic microorganism. Regarding gas production, none of the strains studied presented gas production capacity from glucose, thus presenting homofermentative metabolism. Some obligatory homofermentative species have already been tested to be used as probiotics in humans: L. acidophilus, L. crispatus, L. amylovarus, L. gallinarum, L. gasseri, and L. johnsonii (Ferreira 2012) . In contrast, De Almeida Júnior et al. (2015) found 12% of LAB isolates with gas production capacity. LAB gas production may be technologically necessary in some products such as kefir and some cheeses (Leite et al. 2013; Pedersen et al. 2013) or undesirable in others (Franciosi et al. 2009 ).
Viability of LAB strains under simulated gastrointestinal tract conditions (GIT)
It is extremely important that bacteria with probiotic potential are able to tolerate acid and bile stresses, since the ability of the probiotic to survive in adequate numbers after being subjected to gastric acidity (low pH) and intestinal condition (bile salts) is important for application in the food industry (Chalas et al. 2016) . Also, such beneficial bacteria are usually administered orally via fermented foods, for instance, and they must have the ability to survive the conditions previously mentioned, since it is one of the important criteria for the selection of probiotics (Verón et al. 2017) . The initial viability of the five LAB isolated strains showed similar behavior (Fig. 1) , decreasing after 2 h of incubation at 37°C under acidic conditions (gastric phase) (p < 0.05).
Cell viability decreased over the 6 h of incubation (p < 0.05). The DF04Mi and DF60Mi isolates showed high resistance after 4 h (6.80 ± 0.17 Log CFU/mL; 6.06 ± 0.01 Log CFU/mL) and 6 h (6.16 ± 0.15 Log CFU/mL; 6.00 ± 0.01 Log CFU/mL), respectively, of incubation under the same conditions of temperature and agitation. LS1, LS2, and LS3 had viability not detected after 4 h. Therefore, the acid and bile tolerances of all the isolates varied (p < 0.05). In the case of LS1, LS2, and LS3, it is possible that cells were injured because the previous step (gastric phase), precluding a possible recovery (Madureira et al. 2011; De Oliveira et al. 2014 ). Dubey and Jeevaratnam (2015) and Das et al. (2016) studied lactic bacteria for probiotic characterization that presented resistance to an acid environment and were similar to the results found in this study. Contrarily, Angmo et al. (2016) reported variability in the survival of lactic acid bacteria exposed to gastric juice under simulated conditions in vitro, but with little or no impact on the viability of most of the strains studied, with L. casei being the most tolerant among all isolated LAB.
Acid tolerance of bacteria is important not only to support gastric stress, but also as a prerequisite for its use as dietary adjuncts; in addition, it allows the strains to survive longer in foods with a high acid content. With respect to bile salt tolerance, in this case, it is a prerequisite for the colonization and metabolic activity of bacteria in the small intestine of the host, thus contributing to the balance of the intestinal microflora (Shehata et al. 2016) . Abuhelabi et al. (2017) observed that LAB isolates selected from camel milk showed probiotic characteristics, especially L. plantarum KX881779 and Lactococcus lactis KX881782 with great potential for use in food. The results were equivalent to that identified in this study, where the best probiotic potentials were DF60Mi and DF04Mi, L. plantarum spp., and Lactococcus lactis spp., respectively.
Determination of the antimicrobial activity of LAB isolates against microorganisms of interest in oral health
Among the tested isolated strains, it was identified that LS2 and DF04Mi, both Lactococcus lactis subsp. lactis, presented antimicrobial activity against S. mutans (Table 2) , presenting halos with a diameter of 10 mm and 13 mm, respectively. Schwendicke et al. (2017) reported some probiotic lactic acid bacteria with antimicrobial activity and inhibition of biofilm formation formed by S. mutans. However, other in vitro and clinical studies have produced ambiguous results regarding the benefits or risks associated with caries prevention through the use of probiotic lactic acid bacteria.
While some studies have reported a reduced viability of cariogenic bacteria after probiotic bacteria testing (Gruner et al. 2016 ), others do not confirm these effects (Keller et al. 2012; Taipale et al. 2012) . This probably occurs due to a lack of knowledge on the exact interference mechanisms of probiotic lactic acid bacteria in the caries formation process (Lang et al. 2010 ). Thus, other clinical studies should be developed to safely evaluate whether the tested bacteria actually have inhibitory activity against caries produced by S. mutans. 
Conclusion
Selected isolates from goat milk showed potentially probiotic characteristics according to the reported safety and functionality results. In particular, L. plantarum (DF60Mi) and Lactococcus lactis (DF04Mi) have potential to possibly be used in food due to the gastric and enteric resistance presented in simulated GIT conditions, in addition to not presenting virulence characteristics as the other strains studied. LS2 and DF04Mi, both Lactococcus lactis subsp. lactis, are worth noting because they demonstrate antimicrobial activity against S. mutans, a recurrent microorganism in oral pathologies (mainly caries), and the benefits they can promote to oral health need to be further studied. Therefore, considering the particular abilities found in this study, it is possible to explore the use of these potentially probiotic bacteria isolated from goat milk from two regions of Brazil for future application in food fermented production. 
